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When using e-learning material some students progress readily, others have difficulties. 
In a traditional classroom the teacher would identify those with difficulties and direct 
them to additional resources. This support is not easily available within e-learning. 
 
A new approach to providing constructive feedback is developed that will enable an e-
learning system to identify areas of weakness and provide guidance on further study. The 
approach is based on the tagging of learning material with appropriate keywords that 
indicate the contents. Thus if a student performs poorly on an assessment on topic X, 
there is a need to suggest further study of X and participation in activities related to X 
such as forums.  
 
As well as supporting the learner this type of constructive feedback can also inform other 
stakeholders. For example a tutor can monitor the progress of a cohort; an instructional 
designer can monitor the quality of learning objects in facilitating the appropriate 
knowledge across many learners.  
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1. INTRODUCTION 
The internet has created possibilities for transferring, sharing and reusing content. The 
increasing adoptation of the internet use in higher education learning demonstrates its 
potential as a future learning medium.  Educational providers are exploring the effective 
use of e-learning by incorporating it in their teaching. There are several factors that have 
influenced educational providers to incorporate Learning Management Systems (LMS) 
within teaching. These factors include the rapid increasing number of students, the need 
for learning and the need to prepare students to suit the knowledge economy [Harasim, 
2000]. The use of LMS has created better opportunities for learners to learn ubiquitously. 
The LMS are capable of creating, fostering, delivering, tracking and facilitating learning 
more effectively. However these learning tools have not yet fully realised the potential of 
learning standards [SCORM, 2003; IEEE, 2003 and IMS, 2003] and technology by 
supporting stakeholders with constructive real-time feedback. The lack of direct and 
immediate contact between the learner and tutor poses a threat to the quality of e-learning 
[Hill, 2002)]. The teacher in a class setting is provided with a variety of opportunities for 
interacting and supporting learners. One of the key roles of the teacher is to support 
learners with constructive feedback during learning. The learners are able to reflect and 
improve on their knowledge construction. The difficulty with LMS to provide 
constructive feedback during e-learning has encouraged researchers to devise other 
effective methods.  
 
The current LMS have been further developed to incorporate technologies such as 
reusable learning objects (RLO) [Wiley, 2000]. These RLO enable instructional designers 
to configure content to suit individual learners and allow effective tracking where 
constructive feedback can be integrated. Reusable Learning Objects have created better 
opportunities in the content instruction which allows personalisation of content. Learners 
can request for this personalised content which is dependent on their learning styles 
[Keefe, 1979]. Learning styles are methods, through which learners perceive, interpret 
and processes information [Bergeron et. al., 2003]. Jung [1923] asserts that learners 
process information in different ways which is dependent on their learning styles. For 
example a learner can request for content that is presented in a step-by-step sequential 
manner or in a random manner. The example describes how information is presented to 
the judger and perceiver respectively. Interactions with such personalised content present 
a true learning path for the learners. The tracked learning path contains information about 
the learner’s interactions from which constructive feedback can be offered to the 
stakeholders.  
 
The main focus of this paper is to describe how constructive feedback can be integrated 
within e-learning to support stakeholders. The constructive feedback depends on the 
tracked information from individual interactions with the learning activities. The 
feedback depends on specific learning activities such assessment which measures the 
attainment of learning objectives. Therefore it is essential to capture individual learning 
path if such constructive feedback is to be offered. LMS can be modified to integrate this 
form of feedback which can greatly improve the learning experience.  
 
2. E-LEARNING PROCESS 
E-learning is a process of knowledge construction that involves stakeholders participating 
in several online activities such as content authoring, assessment and collaboration. They 
participate in the different activities so that they can achieve their learning goals. As 
Constructivism states, learners play an active role and take on responsibility to construct 
their own knowledge and meaning [Fosnot, 1996; Steffe & Gale, 1995; Honebein et al., 
1993]. This active role is clearly witnessed in e-learning environments which are 
designed to offer personalised learning process. A personalised learning process is one 
where learners use LMS to interact with learning content designed to suit their own 
learning styles with the aim of achieving new knowledge. These LMS are currently trying 
to cope with the paradigm shift from teacher-centred to learner-centred. In learner-
centred learning, learners construct knowledge through inquiry, communication and 
creative thinking. They use different learning styles to make their own judgement hence 
making meaning out of the learning process. The different ways by which information is 
presented to the learners affects how they act on it. The individual learner’s actions 
become the basis of what feedback should be generated for them.  
 The seven principles of good practice [Chickering and Gamson, 1987] act as a 
benchmark for guiding e-learning. These seven principles emphasise: 
 encouraging contacts between students and teacher 
 encouraging cooperation among students 
 encouraging active learning 
 offering prompt feedback 
 emphasising time on tasks  
 communicating high expectation to the students 
 respecting different learning styles during learning  
 
Advancement in technology has encouraged the implementation of the seven principles 
within e-learning environments. Several functionalities have demonstrated how the 
principles have been incorporated in LMS such as collaboration tools, personalisation, 
assessment and feedback. However some of the functionalities have not been thoroughly 
developed to fit in the new learning paradigm.  
 
The theory of constructivism enables us to identify important features for the learning 
process. The features that can be identified include personalisation of content to suit the 
individual learner, tracking the learner’s activities at each level of the learning process 
and generating personalised feedback. The features aim at helping the learners attain their 
individual learning goals from the learning process. The learning goals are determined by 
both the educational and personal learning requirements. The educational learning 
requirements are based on the Learning Object (LO) concept [Cisco, 2003] which 
represents the learning content. Wiley [2000] defines a LO as any digital resource that 
can be reused to support learning. The LO has created a big impact on how learning 
content is stored, delivered, used and managed. The LO can be easily reused and 
configured for personal use.  
 
During the e-learning process, the learners aim at achieving the set learning objectives. 
These learning objectives are set by the educational providers and their attainment 
measured by assessment. Tracking interactions with the assessment learning activity 
helps to monitor the student’s progress, control the pace of learning and evaluate the 
teaching strategy. During the learning process learners need to know what they can do to 
improve hence require constant feedback. The learning content should be designed to 
reflect the objectives to be attained at each learning level. The instructional model for 
constructivist learning [Sun and Williams, 2004] separates the content into chucks at 
different levels. The content levels include LO, Information Object (IO), practical and 
assessment level see figure 1. Each level denotes the expertise the learner can attain at the 
end of the learning process. The learning levels are turning points for the learning process 
as they determine what happens at the next level. Personalised tracking [Lubega et. al., 
2005] capable of monitoring the learning path at each learning level determines what 
feedback can be generated for stakeholders.  
 
The Overview contains general information about the module, such as the level, learning 
objectives, pre-requisites, co-requisites, learning outcomes and credits. Metadata is used 
to describe the objectives for the different objects within the LO. The Information Object 
contains the core content and represents a topic within the module, e.g., Building your 
Database in the SQL module. Within the IO we have a Practical Object and Assessment 
Object. The Practical Object is used to determine the learner’s practical skills on the topic. 
The Assessment Object found at both LO and IO determines the learner’s performance; 
this is used for generating feedback about the learning process. The Summary contains a 
review of the module, which assists students in self-assessment and self-reflection 
through recommendations.  
 
Module
Overview
Information objects
Information objects
Information object
Summary
Assessment object
(pre / post)
Practical object
 
Figure 1.Template for module package 
 
3. ASSESSMENT 
Assessment refers to the activities undertaken by both students and teachers to diagnose 
learning problems hence improving learning and teaching. Assessment enables students 
to fully understand how far they have achieved their learning goals through effective 
feedback [Elwood and Klendowski, 2002]. Assessment can be carried out in several 
forms and for several purposes. However there are two common types of assessments 
used to diagnose learning problems within e-learning. The summative assessment is used 
as evidence of accountability on deciding if the learning was effective [Stigins, 2002]. It 
is used for grading or ranking student performance hence informing them of their overall 
achievement. Formative assessment is one that is carried out in series during the learning 
process aiming at providing constructive feedback to the learners [Torrance and Pryor, 
1998]. These two assessment types are usually designed electronically in form of 
multiple choice questions where learners select one answer from the list of answers 
offered per question. The multiple choice questions are linked to the learning objectives 
within the LO and IO. The summative assessment measures the attainment of the learning 
objective at the LO level and formative at the IO. Sun and Fu [2005] describe an 
assessment object model that can be used in higher education to measure achievement 
attained during the learning process, see figure 2.   
 
Wiggins [1998] notes that the nature of assessment influences what is learned and the 
degree of meaningful engagement carried out by students in the learning process. An 
assessment that is authentic and contains feedback can be used to improve the knowledge 
construction than one without feedback. Continuous assessment helps tutors trace the 
learner’s progress and also determine the impact of the content to the learning process. 
The assessment indicates to the learners their weaknesses, assistance required for 
improving and progress made during the knowledge construction process. Having only 
grades on the assessment has little effect on the subsequent performance of learners 
[Crooks, 1988]. This is because this type of feedback in form of grades never mentions 
which area the student should improve hence does not lead to self-reflection.   
AssessmentObject
Title
Assessment Type
Question Type
Number of 
Questions
Duration
Instructions
Result
Questions
Requirement for a 
Pass
Number of 
Attempts
 
Figure 2: An Assessment Object Model 
 
4. FEEDBACK 
Feedback may be described as any communication or procedure offered to the 
stakeholder in response to the accuracy of their actions. Feedback is an important 
component between the learners and tutors during a learning process. Learners get 
feedback from their tutors to improve on their learning process. Feedback has a 
significant impact on the learning process since it adds value that results in improving 
quality and success in a course. Feedback is important to the tutors in that it reflects how 
best the student gained in the learning process. It is particularly emphasised by the 
learning theories [Duffy and Cunningham, 1996] that feedback is the important 
instrument used in a learning process where progress, improvements and achievements 
are provided in real-time. In e-learning feedback is aimed at providing information about 
the learning process and the mastery of the learning goals especially in circumstances 
where there is no direct contact between learner and tutor. Feedback that provides 
information to reflect on the effectiveness of strategies taken during learning needs to be 
provided within LMS. Such feedback demonstrates to the stakeholders that there is 
always support for improvements in the absence of tutors. Successful feedback [Kluger 
and De Nisi, 1996] focuses on the task, its objectives and the learner attention is directed 
to objectives. The learners always seek information related to their past action from 
expert sources such as tutors and forums for improvements.  
 
It has been noted by Mory [2003] that there has been frequent lack of feedback 
electronically generated by e-learning environments. There is less contextual, 
constructive and expert mediated feedback within LMS. In the face to face (F2F) 
teaching learners can easily receive direct feedback from their teachers in real-time. 
Within e-learning the learners rely on the LMS to offer the direct support which is 
difficult to generate especially for personalised learning. Generating personalised 
feedback during knowledge construction [Lubega et. al., 2005] has great potential in 
improving e-learning. The personalised learning path is monitored and the information 
used in the generation of the personalised feedback in real-time. Current approaches 
taken in offering feedback within LMS do not allow learners to explore the content areas 
where they seem to be weak. The feedback is less constructive and usually question-
answer related. The learners need to explore the content areas where they are weak before 
they can proceed to the next learning level. Non-specific feedback is deemed to be 
useless to the learners [Rowntree, 1987] as they progress with their knowledge 
construction. Feedback should be generated on timely basis when it is more relevant 
[Gipps, 1994] if immediate improvements are needed.  
 
With the increasing number of learners, techniques are sought to support them during 
their knowledge construction. Forums have shown that they are capable of supporting 
learners with effective feedback. Learners can freely visit the forums of their specified 
topic; ask questions or read answers related to their topic. Learners usually find answers 
which they can use to solve existing problems hence improving their knowledge 
construction process. Feedback that can automatically select useful content links and 
forums to be used for improvements in relation to the assessment results can be effective 
for learners. The learners can immediately visit the links and find out why they failed 
particular questions within the assessment hence gaining more knowledge. This type of 
facilitation is desirable for future e-learning environments if they are to succumb to the 
learning paradigm shift to learner-centered.  
 
5. TRACKING PROCESS 
Tracking functionality is considered to be very important because it generates the 
information from which feedback is offered. Tracking in relation to e-learning is the 
monitoring of learner interactions with learning activities during knowledge construction. 
The typical tracking information within LMS include: log files, duration of visit, learning 
unit visited by learner/time/frequency, collaborations and assessment. However not all 
traced information is currently used in improving knowledge construction. Some 
researchers have put to use tracked information from LMS in improving knowledge 
construction [Lubega and Williams, 2004; Lubega and Williams, 2006]. They have 
shown that tracked information can be used to detect weak learners, laggards and effects 
of particular learning activities such collaboration to e-learning.  
 
Tracking is on the increase within web applications and the aim is to learn more about 
users so that they can be served more effectively. It has been applied within e-learning in 
different scenarios such as detecting drifting users and adapting learners to past learning 
habits [Grabtree and Soltysiak, 1998; Koychev and Schwab 2000]. The tracking process 
currently used in many of the LMS does not favour offering of constructive feedback to 
stakeholders. It does not also monitor individual interactions with learning activities but 
concentrate on monitoring how the available content has been accessed. Lubega et. al. 
[2005] describe how personalised learning activities can be monitored and the 
information used for offering feedback. The feedback offered is dependent on the 
analysed monitored information and predefined feedback templates. The analysed 
information is related to both the individual and group of learners. The feedback 
generated from the individual information is meant for the learner and tutor. Feedback 
generated from the group monitored information is for the tutor and instructional designer.  
 Although this method for personalised tracking aims at offering personalised feedback in 
real-time to the stakeholders, there is a need to offer a feedback that highlights weak 
areas. It is important to integrate constructive feedback that highlights content areas of 
weakness, suggest links to the weak content areas and useful forums. The forums can be 
designated by the tutors based on topics, key words and so on. The mechanism for 
generating such feedback requires a well planned and designed content that has the LO, 
IO, assessment objects linked to each other.  
 
6. INTEGRATING CONSTRUCTIVE FEEDBACK IN LMS 
Constructive feedback refers to the support offered to learners during learning and 
contains useful content links that can be used for improvements. For example 
constructive feedback offered to the learner after taking the assessment can include: 
 
“You have successfully attained 60% of the learning objectives for this topic. You 
attempted 2 application and 4 theoretical questions correctly. However for a better 
achievement of the learning objectives, you need to consider reading the following 
content; Content One, Content Two and Content Three. You can also visit the following 
Forum to help you improve on your practical work.” 
 
This advanced level of constructive feedback can be challenging to generate for 
stakeholders within LMS. Creating content in form of LO and linking the learning 
objectives to the assessment questions provides an easy mechanism on how to generate 
this feedback. Figure 3 describes a module containing three learning objectives 
interlinked to individual Information Objects. Each Information Object contains learning 
objectives which are interlinked to assessment questions within the assessment object.  
For example Information Object one contains learning objectives LObj11, LObj12, LObj13. 
The assessment object contains questions that are designed to assess the attainment of the 
specific learning objective. The questions are designed to assess both theoretical (A) and 
application (P) understanding. For example Q1 in assessment object one is used to assess 
the attainment of learning objective one (LObj11).  
Assessment Object: AO: 
(p’/P’ + a’/A’) where:
(p’/P’): Q2, Q4,Q6
(a’/A’): Q1, Q3, Q5
LObj1: IO1 Objectives:
LObj11, LObj12, LObj13 
LObj2: IO2 Objectives:
LObj21, LObj22, LObj23 
LObj3: IO3 Objectives:
LObj31, LObj32, LObj33 
Practical: (p/P)
Q7: LObj23, Q8: LObj21, 
Q5:LObj23, Q9:LObj21
Theoretical: (a/A)
Q1: LObj21, Q2: LObj22, 
Q3: LObj21, Q4: LObj23 
Q10:LObj22, Q6:LObj23
Practical: (p/P)
Q7: LObj33, Q8: LObj31, 
Q5:LObj33, Q9:LObj31
Theoretical: (a/A)
Q1: LObj31, Q2: LObj32, 
Q3: LObj31, Q4: LObj33 
Q10:LObj32, Q6:LObj33
Practical: (p/P)
Q7: LObj13, Q8: LObj11, 
Q5:LObj13, Q9:LObj11
Theoretical: (a/A)
Q1: LObj11, Q2: LObj12, 
Q3: LObj11, Q4: LObj13 
Q10:LObj12, Q6:LObj13
Assessment Object Three 
(AO3): (p/P + a/A) 
Assessment Object One
(AO1): (p/P + a/A)
Assessment Object Two
(AO2): (p/P + a/A) 
Web Design Using Dreamweaver (LO) 
Objectives: LObj1, LObj2, LObj3
 
Figure 3. An Example of a Module with interlinked objects 
 
If the learning content is instructionally designed as shown in figure 3, results from the 
assessment can be easily transformed into constructive feedback. The main aim of 
assessment as described in section 2 is to measure attainment of learning objectives. Any 
questions answered incorrectly may reflect failure to attain a specified learning objective. 
Analysing the assessment results by sorting out the correct and incorrect questions will 
indicate what questions require feedback hence linking them to appropriate content.  
 
The mechanism for integrating constructive feedback within knowledge construction 
contains four main components used in the process.  
1. Content Component 
2. Assessment Analysis Component  
3. Search Engine Component 
4. Feedback Generation Component  
 
The figure 4 describes a model for the mechanism that integrates constructive feedback in 
e-learning by interlinking the different components.  
 
Assessment 
Analysis Component
Formative 
Assessment
Results
Summative 
Assessment
Results
Feedback Generation
Component
Group 
Feedback
Individual 
Feedback
Stakeholders (Learner, Tutor 
and  Instructional DesignerLearning 
Object (LO)
Learning 
Objectives
Information 
Object (s) (IOs)
Learning 
Objectives
Assessment 
Object
(Application &
Theoretical
Questions
Assessment 
Object (s)
(Application &
Theoretical
Questions
Overview
Summary
Practical 
Object
Practical 
Object (s)
Content Component
Search Engine
Component
Content Search
Forum Search 
Repository
 
Figure 4 Model Describing how to Integrate Constructive Feedback 
 
6.1 Content Component 
This is a component where the content design is configured to suit the feedback 
generation process. The content in form of LO is configured as described in figure 3 so 
that the objects are interlinked. The content topics, assessment questions and key words 
are linked to learning objectives. Anchors are used to locate content areas related to 
learning objective and allow easy search for specific content. On a single content page 
you can have more than one anchor to locate specific content. Figure 5 describes a 
module containing three topics with anchors on them. The module and topics can easily 
be searched within the repository by use of unique anchors placed on them. In this 
illustration the anchors used are LObj1, LObj11, LObj12 and LObj13 linked to the module and 
topics titles respectively. Therefore if the feedback required for improvement is related to 
anchor LObj11, all content identified by that anchor will be retrieved and offered as content 
links within the constructive feedback 
 
 
Figure 5. Module and Topics mapped with anchors 
 
The content body and assessment questions are also tagged with anchors related to the 
specific learning objectives as illustrated in figure 5. Forums can be created and named 
after key words such as “palettes” and anchors placed on them. It is the anchors that are 
used to locate the appropriate content and forums that are suggested within the feedback. 
When the content is properly configured and pre-planned, it is stored within the 
repository where it can be searched and reused during knowledge construction.  
 
6.2 Assessment Analysis Component 
This component is responsible for analysing the assessment results in different forms. It 
computes the results for the different types of questions (theoretical and application) and 
the overall results. The analysis is carried out for both the summative and formative 
assessments at the different learning levels. Once the assessment questions in form of 
multiple choices have been attempted by the learners, the correct and wrong questions are 
determined. The correct and wrong questions results are used to determine pass/fail rate 
which is incorporated within the feedback.  
 
Sorting out the wrongly answered questions from the correct one is carried out in this 
component using various algorithms. There are several algorithms that can be used for 
the assessment analysis during this personalised tracking process [Lubega et. al., 2005]. 
The algorithms compute assessment results based on the type of question 
(theoretical/application), learning level (LO/IO) and user (individual/group). The anchors 
on the wrongly answered questions are determined to be used in locating appropriate 
content to be offered in the constructive feedback. If there are several anchors relating to 
the same content, one of them is considered to locate the necessary content. The analysed 
assessment results are then stored within the repository for future use during feedback 
generation. The anchors detected for the wrongly answered questions are sent to the 
search engine so that they can be used to locate the content required for the feedback 
from the repository.  
 
6.3 Search Engine Component 
This component aims at searching for content areas that will be offered within the 
constructive feedback. The search engine depends on the assessment analysis component 
to find suitable content. If no anchors are sent to the search engine for locating specific 
<h4>1. Understanding Dreamweaver interface, tools and palettes<a 
name="LObj1"></a></h4> 
    <tr>  
      <td colspan="2"><font size="2">1.1. <font face="Times New Roman, Times, serif"><a 
href="Document Window.htm">Document window</a></font></font><a 
name="LObj11"></a><br>  
        <font size="2">1.2. <font face="Times New Roman, Times, serif"><a href="Pallets and 
Inspectors.htm">Dreamweaver palettes and inspectors</a></font></font><a 
name="LObj12"></a><br>  
        <font size="2">1.3. <font face="Times New Roman, Times, serif"><a href="View 
options.htm">Dreamweaver view options</a><a name="LObj13"></a></font></font></td> 
    </tr> 
content, no content links will be included within the feedback. When the anchors are 
presented to the search engine, a search is carried out within the repository to locate 
content of interest.  
 
When the content of interest has been found, a link is created on the keywords that were 
used originally during the tagging with anchors. For example if the anchor LObj12 is 
searched and content titled “palettes” is found to be related to it, a link to the content is 
created on the keyword. The linked keyword (palettes) is then dispatched to the feedback 
generation component. Several linked words and forums may be created depending on 
the anchors presented to the search engine. These content links are the most important 
part of the feedback because they provide you with the knowledge on attaining the 
learning objectives.  
 
6.4 Feedback Generation Component 
This is the component that is responsible for integrating the assessment analysis results 
with the selected content links to generate constructive feedback for the stakeholders.  
Within this component there are several feedback templates that are designed so that 
results from the assessment analysis and search engine are easily integrated. The 
feedback templates are predefined by the instructional designers to suit a particular 
module under study. These feedback templates are stored in the repository and retrieved 
during the feedback generation process. The criteria for storing the feedback templates 
depends on the performance results in the type of questions (theoretical/application) and 
the overall attainment of learning objectives (0%, 10%, 20% …, 100%).  For example a 
template selected for an overall performance of 60% with 20% in theory and 40% in 
application will be different from one selected for the same performance but with 30% in 
theory and 30% in application.  
 
The feedback templates contain dynamic content where assessment analysis and search 
engine results are automatically integrated to generate the necessary feedback. When the 
results have been integrated within the feedback templates, feedback is immediately 
generated and dispatched to the stakeholder. The stakeholders respond to the feedback 
offered to them by visiting the content areas or forums suggested to them. An example is 
used to illustrate how the constructive feedback is generated for the learner.  
 
The example illustrates how feedback can be offered to IT Degree students studying E-
Business Module. Initially students are provided with content that has been 
instructionally designed in form of LO. During the knowledge construction process, the 
students are allowed to interact with the content using their different learning styles. The 
module (LO) “Designing Web Sites Using Dreamweaver” contains several topics (IO) as 
shown in the figure 6. Each topic contains an assessment that measures attainment of the 
learning objectives for that topic, see figure 6.  
 
 
 
 
Figure 6. Screen Shots for Content and Assessment for the Module 
 
Figure 7. Screen Shot describing a form of Constructive Feedback 
 
 
When the assessment has been taken by the learner, results are automatically computed 
by the system. The different algorithms within the system compute for the results attained 
with the theoretical and application questions, determine the questions which are correct 
and wrong. These analysed assessment results are immediately sent to the search engine 
component. The wrongly answered questions tagged anchors are then used within the 
search to locate appropriate content within the repository.  
 
The search results locate content related to “Web Page Templates and Using Timelines” 
and links created on the keywords. These search results are immediately sent to the 
feedback generation component. The feedback component generates feedback for the 
learner containing the content links that were located. The content links are related to the 
unattained learning objectives content areas. Figure 7 describes an example of the 
constructive feedback generated for a learner who failed to attain the minimum learning 
objectives.  
7. DISCUSSION 
Personalised feedback offered to learners is so vital in transforming their previous 
knowledge construction process. Such personalised feedback is constructive because it 
directs learners to their learning weaknesses. This form of feedback has been applied in a 
Managed Learning Environment (TEMAI) which was used to educate employees of an 
industrial company [Paiva and Machado, 2002]. The learning environment was designed 
to support a group of workers in a footwear industry with personalized feedback based on 
what activities they carried out during learning. The learning environment was built with 
a synthetic pedagogical agent called Vincent that would offer personalized feedback to 
the workers during learning. The architecture of TEMAI included a set of micro-learning 
environments, a trainee model, learning material and Vincent - the pedagogical agent. 
The work of the agent was to foster the trainees’ learning process through motivation as a 
form of personalized feedback. The agent contained sensors and actors that could 
establish message-based communication while gathering information about the trainee’s 
performance. Whenever a trainee’s performance was not to the desired standards, the 
agent would send out an emotional feature on the screen either showing, sadness, 
disappointed, impatient or happy plus a spoken utterance. This form of feedback 
depended on what activity had been carried out or performance attained by the trainee 
hence being personalized to their knowledge construction process. It was noted that there 
was an improvement in the training by use of such personalized feedback.  
 
This form of personalized feedback highlighted the importance of informing learners 
about their past knowledge construction process. When they are told their weaknesses 
they are able to adjust on how they learn hence improving the learning process. How the 
personalized feedback is designed, formulated and delivered may differ but its main 
purpose should be to enhance the knowledge construction process. The form of 
personalized feedback proposed in this paper is one that will direct learners to content 
areas of weakness or discussion areas of importance. These are spotted based on the 
assessments results which indicate the learning objectives that have not been attained due 
lack of expertise in a particular content area. Integrating such feedback within e-learning 
environments can be appreciated by many learners in the new learning paradigm.  
 
8. CONCLUSION 
This paper focused on the integration of constructive feedback within e-learning in view 
of offering further support to learners. The provision of constructive feedback needs to be 
regarded as a priority within LMS under the new learning paradigm (learner-centred). 
Within the new learning paradigm, learners are demanding for more support during their 
knowledge construction. Lack of direct interaction with tutors especially in e-learning, 
creates a big challenge on how to support learners ubiquitously.  
 
The paper has discussed a mechanism that can be used to integrate constructive feedback 
within LMS. The constructive feedback was based on the analysis of assessment results 
which measure the attainment of the stipulated learning objectives. The wrongly 
answered questions indicated the learning objectives that were not attained and required 
further reading. The anchors placed on the questions were used by the search engine to 
locate appropriate content to be provided in the constructive feedback. The generated 
feedback described the learner’s understanding in both theoretical, application and also 
provided useful links that can be used for improvements. The links within the feedback 
lead to the content areas and forum that are related to learning objectives. Such feedback 
provides the necessary support needed in absence of a tutor and should be encouraged if 
the quality of e-learning is to be improved.  
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